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ABSTRACT

This study discusses the environmental management of a typical
ship channel-harbor complex located along the Texas Gulf Coast. The
best current available literature was utilized along with a number
of previous studies completed at Texas A&M University. This in-
formation was supplemented by a field study of the Port of Corpus
Christi Inner Harbor and the Port of Brownsville Fishing Harbor,
along with a non-point source pollution study of the Port of Brownsviile
watershed. The study explains the most important pollution sources,
discusses their impact upon the waterways, outlines their priorities,
provides a general sclution for each, and presents a suggested plan
of action. The Tong-range environmental implications of the various
activities are discussed so that management entities may make compe-
tent decisions in future planning that are conducive to an active

industrial climate and a healthy environment.
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CHAPTER I

INTRODUCTION

The increased demand on water transportation, rapid industrial
growth, and expanded harbor facilities combined with more stringent
environmental regulations has created a need to intensify environ-
mental management techniques. As industrial waste treatment methods
are improved, many of the environmental problems once thought to be
insignificant need to be re-evaluated. The poliution problems that
will be considered in this study are dredged materials disposal; waste,
bilge, and ballast water from ships; tank and barge washings; rural
and urban runoff; domestic sewage discharges; water withdrawals and
returns; industrial wastes; oil spills; floating debris; seafood
processing wastes; and hazardous materials spills. In view of the
environmental progress that has been made on some of the problems,
others that were previously obscure may now be studied.

Management entities responsible for ship channel-harbor complexes
need a broader understanding of these problems so that competent
decisions can be made. The major environmental decision that the
management personnel will be confronted with are:

1. What should be the navigation district's Tevel of

invoivement in waste treatment?



2. What should be the scope of future expansion involving
dredged material disposal?

3. Is it the navigation district’'s responsibility to pro-
vide a collection system for wastes from vessels?

4. Should the navigation district be responsible for con-
tingency plans for oil and hazardous materials spills?

There are numerous references presently available on the study
of water pollution from various sources emptying into harbors. However,
there is Timited data dealing with the ship channel-harbor complex as
a complete system. This project considers the available data and
suppiements it with new data gained from field studies involving two
ship channel-harbor complexes along with visits to eight of the major

facilities on the Texas Gulf Coast.

Objectives

This study will describe the many sources of pollution, their
relationship to the overall problem, their importance in present and
long-range planning, their solutions, and their priorities.

The objectives of this project are:

1. To identify, describe, and classify the many sources
of water pollution in ship channel-harbor complexes,

2. To assess the magnitude and the impact of the various
sources of water pollution within these complexes, and

3. To discuss the solutions to the environmental problems
in a ship channel-harbor complex, their priorities, and a suggested

plan of action.



Narrative

Chapter II provides a literature review of research concerning
ports as a whole, and specific water pollution problems within them.
This review includes recent studies published by federal and state
organizations as well as independent authors.

Chapter III is a collection of studies and data that are relevant
to field studies completed during this project. This previous research
is included to provide the reader with background information with which
the collected field data may be compared. Original research completed
during this project includes interviews with various regulatory
agencies and port authorities, water quality studies of the Port of
Corpus Christi Inner Harbor and the Port of Brownsville Fishing Harbor,
and a non-point source study of the Port of Brownsville watershed.

ChapterIV combines the information presented in Chapter II and
Chapter 111 and proposes a priority list of water pollution problems
followed by a discussion of the alternative solutions to the problems.
The remainder of the chapter is dedicated to discussing a proposed
plan of action for the purpose of providing guidance to entities faced
with the mentioned problems.

Chapter V summarizes the previous chapters and lists the con-
clusions of this study. This chapter also makes recommendations

concerning the application of the conclusions.



CHAPTER II

THE SHIP CHANNEL-HARBOR COMPLEX AND THE
RELATED WATER QUALITY PROBLEMS

Introduction

Quinn (1) defined a harbor as a water area partially enclosed and
so protected from storms as to provide safe and suitable accommodation
for vessels seeking refuge, supplies, refueling, repairs, or the trans-
fer of cargo. Bird (2) defined a port as a facility where cargo is
loaded or discharged. Quinn added the thought that a port consists
of piers or wharves, warehouses, and overland transportation terminals.
According to Bird, the words 'port' and 'harbor' have become inter-
changeable and will be used interchangeably in this report. The term
'ship channel' will refer to the waterway providing vessels access to

a port or harbor,

General Statistics and Description

The 14 major deep-water ports in Texas according to Hann (3) are
shown in Figure 1. Some are considerably more significant than others;
both environmentally and economically. All of the ports required
dredging. Parts of some ports are entirely man-made while other ports
may have natural channels that were deepened. The ship channel-
harbor complexes considered in this research ranged from 30 to 40 feet
deep and varied in length from just a few miles up to 50 miles.

These systems are connected by a 426-mile intracoastal waterway with a

design depth of 12 feet.
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Cargo and Industries Served

According to Miloy, et al. {4), water transportation is responsible for
nearly 75 percent of all the goods shipped from the state. Also, they
reported that 45 percent of our nation's urban population resides in
coastal counties. Bradley (5) reported the relationship between dry and
liquid cargoes handled shown in Table 1. It is obvious that the role
of the port is to serve everyone. Water transportation brings in raw
materials, fuel, and manufactured goods to supply industry over a wide
geographic area. In turn, the industries are directly or indirectly
responsible for the Tivelihood of a large portion of the citizens of

Texas.

The Port Authority

The port authorities in Texas, often called navigation districts,
are governmental bodies created to manage publicly owned ship channel-
harbor complexes. According to Etter and Graham {(6), such organiza-
tions are authorized by Article III, Section 52 and Article XVI,
Section 59 of the Texas Constitution. They also stated that all
deep-water ports in Texas are administered by navigation districts
except the Texas City Terminal. The Texas City Terminal Railway Company
is privately owned. The Navigation Districts' responsibilities are to
engage in projects invelving conservation, reclamation, and support of the
State's waterways for navigational purposes. They are also concerned
with port development and operation.

The navigation districts of Texas must obey all state and federal

environmental laws just like privately owned companies. These



TABLE 1

Types of Cargo Handled by the
Major Texas Ports

Port Dry Cargoes Ligquid Cargoes
(Grain, Cotton, Sulphur) {Petroleum & Chemical Products)

Orange 38% 62%
Beaumont 9% 91%
Port Arthur 9% 91%
Sabine Pass 6% 94%
Houston 37% 63%
Texas City 2% 98%
Galveston 95% 5%
Freeport 24% 76%
Corpus Christi 3% 69%
Port Isabel 13% 87%
Brownsville 12% 88%

Source: Bradley (5)



entities have the power to seek federal improvements to waterways,
and must provide areas for the disposal of removed dredged material. Two
sources of funding available to districts are revenues from its
services and long-term tax or revenue bonds. A district seldom can
support capital expansion and improvement without long-term debt.

The ports of Texas provide a varied array of services for their
users. These services require a great number of skilled employees

and a diverse technical and management staff.

Characteristics of a Ship Channel

Hann (7), in his 1975 report concerning the Texas Gulf Coast,
discussed port and inner harbor complexes and their characteristics.
He mentioned how they were often protected by barrier islands and had
only very small inflows from overland runoff. He pointed out that
this, combined with the one-to two-foot tides, caused very long
flushing times. The limited tidal mixing and freshwater inflow
created a condition vuinerable to pollutant buildups. Hann also
lTisted environmental modifications affecting Texas estuaries. The
modifications were: (1) ship channels, (2) upstream water resource
development, (3) water withdrawals and returns, (4) drainage of
marshlands, (5) urbanization, (6) sand, gravel, and shell dredging,
and (7) dikes, jetties, and other structures.

The Quality, Quantity, and Frequency of Discharge
of the Various Sources of Water Pollution
A knowledge of the sources of water poliution is necessary

before solutions can be found. It is not the intention of this report




to imply that all of the pollution sources named are the cause of a

probiem. It has, however, been determined that the listed sources have

the potential for contributing to a problem.

Dredging

Dredging is the mechanical alteration of a body of water by the
removal of materials from it. There are basically two types of materi-
als: (1) sedimentation and (2) natural or virgin material. In this
report, the removal of sedimentation is referred to as maintenance
dredging, while the removal of natural materials is referred to as
new dredging.

New Dredging. New dredging causes a turbidity problem immediately

around and for scme distance out from the dredging activity. According
to Ketchum (8), increased turbidity can smother bottom organisms and
cause oxygen depletion. However, he added that these effects are of
such small extent and short duration that they are generally considered
insignificant.

Materials from new dredging are usually disposed of in open water.
According to Ketchum, extensive quantities of disposal may alter the
bottom or bank configuration, subsequently altering flow conditions.
This may cause sedimentation in the dredged channel or it may alter
the biological habitat of the body of water. Ketchum also related
an incident where dredged material was disposed of in the lLaguna Madre,
south of Corpus Christi. It covered the grass beds and blue green
algal mats of the shaliow flats, eliminating the dominant benthic
producers. It also caused a decrease of depth and circulation, re-

sulting in the loss of many plankton and fish species.
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Cases often occur where it is advantageous to place the dredged
materials in marshes along the coast. Ketchum reported that this practice
destroys the habitat for many birds and mammals.

Slotta and Williamson (9) agreed that dredged materials can be detri-
mental to the environment, but the positive results of dredging can
offset the disadvantages. They mentioned that channels not only pro-
vide good navigation, but often they provide improved circulation
within an estuary. This can increase the available food for shell-
fish and fish. Also, it can cause dilution and flushing of man-made
wastes that are frequently discharged into estuaries.

Maintenance Dredging. In maintenance dredging, the sediment

is quite often too polluted to dispose of in open water. Research

done by Bassi and Basco (10) revealed that in open water dredged materials
can be a semi-mobile mass. This would spread contaminants around

the estuary, as well as causing oxygen depletion by any oxygen-de-

manding organics present. This was verified by Holmes (11) in his

study of the migration and redistribution of heavy metals in an

estuary.

Therefore, the Corps of Engineers must issue a permit before any
dredging can begin. The permit will state how the dredged materials may be
disposed of. If specific criteria are exceeded, open-water dredgedmaterials
disposal may not be used. Slotta and Williamson (9) reproduced what
they call the EPA "Basic Seven", which is shown in Table 2. In addi-
tion to the criteria in Table 2, the information in Table 3 must also
be supplied to the EPA so that the approximate environmental impact

can be assessed.



TABLE 2

EPA Guidelines for Dredged Materials

Parameter Percentage (dry wt. basis)
Total Volatile Solids (TVS) 6.0
Chemical Oxygen Demand (COD) 5.0
Total Kjeldahl Nitrogen (TKN) 0.10
0i1-Grease 0.15
Mercury 0.0001/1 ppm
Lead 0.005/50 ppm
Zinc 0.005/50 ppm

Source: Slotta and Williamson ( 9)
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TABLE 3

Environmental Impact Information Required by
the EPA to Obtain a Permit to Dredge

Volume of dredged material.

Existing and potential quality and use of water in the disposal
area.

Other conditions at the disposal site, such as depth and
currents.

Time of year of disposal (in relation to fish migration and
spawning, etc.).

Method of disposal and alternatives.
Physical, chemical, and biological characteristics.

Likely recurrence and total number of disposal requests in the
receiving water area.

Predicted long-and short-term effects on receiving water quality.

Source: Slotta and Williamson (9)
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If the criteria for dredged materials are exceeded, the Corps of
Engineers may not permit the dredging, or they may require that the
materials be disposed of on land within a diked area. Naturally, the
diked area has to be chosen in a lgcation with the least environmental
impact. The land area must be Targe enough to hold the required dredged
material and to accomplish the desired amount of solids settiing. The
availability and the cost of this land area can be a tremendous pro-
blem to a navigation district. In waterway expansion projects involv-
ing estuaries, where the sediment is contaminated, the cost of disposal
area or right-of-way may be prohibitive.

Hann (12) found that the decay rate of undesirable materials in
sediment in the Houston Ship Channel was negligible. He predicted no
improvement in the outlook for future dredging projects unless better
methods of handiing the dredged materials are devised. Hann also said that the
primary source of pollutants composing the sediments warrant more
attention,

In his study of natural background Tevels of heavy metals in the
Texas Gulf Coast, Slowey (13) found that the EPA criteria for zinc
concentrations in dredged materials may be too stringent. He found that
in the upper Gulf Coast, natural zinc levels often exceeded the 50 ppm

allowed.

Waste from Ships

The waters of ship channel-harbor complexes are the recipients
of two basic wastes from ships. These wastes are sanitary sewage

along with miscellaneous solids and wash water from loading.
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Sanitary Sewage. According to Robins (14), sanitary sewage when

discharged has harmful effects such as (1) virus and bacteria harmful
to people directly or through marine 1ife; (2) excessive oxygen de-
mands; (3) upset of aquatic environment by blockage of sunlight with
suspended solids or by the deposition of sludge layers on the bottom;
and (4) the aesthetic insult created by floating sewage solids.
Sewage varies depending on whether the system employs a flush
water reuse system or not. According to Robins (14}, most of the
wastes are highly concentrated, deeply colored, and sometimes contain
deodorizing chemicals. He found samples from boats to have up to
3400 milligrams per liter suspended solids, a BOD5 of 3500 milligrams

10 MpN per 100 milliliters.

per liter, and a coliform count of up to 10
Robins (14) added that as of June 1972 the Coast Guard, acting under
authority of the EPA, must certify sanitation devices aboard vessels.

Solid Wastes. Weinheimer and Hooper {15) mentioned that even

though laws prohibit it, solid wastes generated in loading and un-
loading operations are still discharged freely into water. They say
that bulk-loading facilities are designed for capacity, not cleanli-
ness. They also say that often the material is allowed to blow across
the water or is washed into the water by rainfall. The primary com-
modities (5) handled are alumina, bauxite, coal, wheat, iron ore, and

phosphate rock.

Ship Bilge Water

Section 311 of Public Law 92-500 stated that it is iliegal to

discharge 0il or hazardous materials upon the navigable waters of the
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United States in harmful quantities. The aforementioned law obviously
prohibits the pumping of bilges in ports.

According to Hooper and Myrick (16}, the bilge of a vessel is a
collection point that receives effluent from on-deck drains, wash
water, leakage from tanks, spillage, seawater leakage, condensate,
and engine leaks. This sump must be periodically pumped out to Tighten
the vessel. The frequency of the required discharge depends usually
on the condition of the vessel's hull, mechanical equipment, and tanks.

Hooper and Myrick observed that the more common contents of
bilge water are 0il and grease, pathogenic organisms, cargo leakage,
chemical cleaning compounds, and nutrients. They also stated that most
commercial ocean-going vessels only use oil-water separators to clean

bilge discharges.

Ship Ballast Water

Ship ballast water is seawater pumped aboard in the port of des-
tination as the cargo is unloaded. It provides the ship with greater
stability while at berth, insures adequate propeller immersion, and
lowers the center of gravity for improved seaworthiness. Hooper and
Myrick (16) reported that tanks used for ballast water are often used
alternately for fuel oil or cargo oil, especially on tanker type vessels,

Hooper and Myrick (16) categorized the pollutants in the ballast
water discharged as usually containing 0il, suspended solids, and
pollutants from the waterways where the ballast water was pumped abgard.
Ketchum (8} reported that unless a tanker has an oil-water separator
tank, the oil or clingage pumped overboard can amount to 0.3 to 0.4

percent of the cargo. Hooper and Myrick {16) reported that most well-
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managed hydrocarbon loading terminals have receiving facilities for

ballast water.

Ship Tank and Barge Washings

Hooper and Myrick (16) referred to the effluent produced from the
washing of tanks as tank-cleaning siops. They also said that the slops
contained 0il, oily sludge, and chemical tank-cleaning compounds.
Hooper and Myrick discovered that most tankers are now disposing of
tank-cleaning slops through shoreside facilities.

Ball, et al.(17) discovered in their research that tank washings
are now usually disposed of through shoreside facilities or at sea.
Ball also stated that many terminals follow load-on-top procedures,
where ballast or tank washings are drawn off the bottom and pumped to
treatment facilities.

Ball (17) found that there were ten major commercial barge clean-
ing companies along the Texas Gulf Coast, as well as refineries and
petrochemical plants that clean their own barges. He stated that crude
011 and diesel fuel barges were the type most frequently cleaned. How-
ever, some of the barges contained asphalt and chemicalssuch as benzene.

Ball's field research revealed that between 10,000 and 150,000
gallons of wastewater are generated from each barge cleaning. He
found that in 1974 only four of the companies had in operation what
he called "semi-permanent” disposal systems. Some of the barge-clean-
ing companies had their wastewater hauled away by vacuum trucks. One
company used an evaporation pond, which, if not properly designed,
could be over-topped by rainfall, or could leak, allowing wastewater
to possibly pollute nearby bodies of water. Ball reported that

one company utilized sprayers to increase evaporation, but that
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most of the wastewater was removed by some other unknown means. He
reported that other barge-cleaning facilities were separating the oil
and water, and treating the effluent before returning it to the
channel. Some plants yielded good effluents, while others did not.
Several of the plants were either in the process of upgrading facili-

ties or were planning to expand.

Non-Point Source Pollution

Drainage from pastures, farmlands, urban and industrial areas,
forests, irrigation tail water, decaying vegetation,and wastes from
range livestock and wild animals is considered non-point source pollu-
tion and has largely been overlooked in the past. It has been con-
sidered natural, uncontrollable, and insignificant. However, in the
study of ship channel-harbor complexes, the areadrained through the
channel is significant. Non-point source pollution is more difficult
to quantify and qualify than the more typical point source pollution
that may be traced to one particular discharge.

Rural Runoff. One study of virgin Tands which had been trans-

formed into farmland indicated a marked decrease in organic matter
due to cultivation (18). It was found that organic nitrogen in the
organic matter was transformed into inorganic nitrogen that could
readily be leached away as a nitrate (19). Romkens and Nelson (20)
found a direct relationship between the addition of phosphorus fer-
tilizer and soluble orthophosphate concentrations in runoff. Typical
values for nitrogen and phosphorus loss in surface runoff, as listed

by the EPA (21}, are given in Table 4. However, in Nebraska, Muir,
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et al. (22) reported that the nitrogen content of rain water (2 PPM)
is a larger contributor of nitrogen to streams than overland runoff.
The same study indicated that human and livestock concentrations are
linearly related to nitrogen and phosphorus levels in runoff. White
and Williamson (26) found a relationship between fertilization and
nutrient losses.

Klausener_ et al. (27) found that the total yearly nitrogen in
runoff did not exceed the amount in rainfall. However, during the fall,
nitrogen concentrations in rainfall were exceeded by runoff from highly
fertilized crops, poor management, and improper tillage practices.
Studies by Thomas and Crutchfield (28) in Kentucky, revealed a relation-
ship between phosphorus concentrations and Tand use. They also con-
cluded that neither nitrate nor phosphorus concentrations had increased
during the past 50 years.

Weidner, et al. (25) studied six watersheds in Ohio and found that
with improved cultivation practices in a wheat farming operation, the
phosphate losses could be reduced from 27.7 1b/ac to 1.1 1b/ac. He
found no significant phosphate loss from pasture Tand.

Willrich and Smith (29) found that phosphorus concentrations of
streams in unfertilized forested Tands was 0.007 mg/liter, whereas for
fertilized agricultural watersheds, it ranged from 0.03 mg/liter to
0.11 mg/Titer.

Weibel,et al. (3) studied the runoff from a 27-acre urban area
and found that it yielded 730 1b/acre/yr suspended solids, 22 percent
of which were velatile, 33 1b/acre/yr BOD, and 240 1b/acre/yr COD.

Weidner,et al. (25) studied two 1.5 acre watersheds and a 5-acre

apple orchard in Ohio, and found that the BOD ranged from 3.7 - 120
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1b/acre/yr and the COD Tosses ranged from 27.8 to 1300 1b/acre/yr.

McCarl (24) and Bragonn and Miller (31) concluded that 50 percent
or more in sediment reduction could be realized by implementing soil con-
servation measures on agricultural lands.

Researchers have found that agricultural chemicals are an important
factor in the quality of surface waters. If the chemicals are loosely
held by the soil, they can be dissolved into the runoff. If they are
tightly held by soil particles, the chemicals may get into streams (27)
as sediment. Field data concerning concentrations of pesticides in
Streams is important if the waters studied drain predominately agricul-
tural areas. Toxaphene and Benzene Hexachloride were found in the water
supply for a town in Alabama that was supplied from a 400-square-mile
cotton-growing watershed. DDT was also used on the cotton, but has a
strong affinity for organic matter in soil and was not dissolved by the

runoff (32).

Urban Runoff. Van Sickle (33) reported that larger volumes of
runoff and higher stream channel velocities are the common resuit of
urbanization. Heclaimed that the unnatural runoff rates cause scour and
erosion and consequently increase the suspended solids carried to the
receiving bodies of water. Van Sickle also found that the decreased
travel time in the channels provided less time for the natural purifi-
cation processes in the streams to reduce the pollutant load. Hence,
he concluded that the BOD and pollutant load from urban areas, which
eventually reaches the receiving bodies of water, is much greater than
the natural pollutant Toads received when the land area was in its

original state.
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Van Sickle reported the data in Table 5 from a Federal Water Pollu-
tion Control Administration study of a 27-acre tract of urbanized
Cincinnati, Ohio. These data (Table 5) showed that the average suspend-
ed solids concentration was a Tittle greater than that of raw sewage.
They showed the COD of storm water to be much less than raw sewage, but
much greater than treated sewage. According to Van Sickle, the upper
range of all parameters mentioned and the tremendous quantity of runoff
involved revealed their critical significance in relation to water
quality problems.

Van Sickle added that in urban areas, rainwater cannot be con-
sidered a pure resource. He said that the concentration of impurities
removed from the air by rainwater can be of considerable significance.

Van Sickle utilized the data from Table 5 and computed the pro-
jected pollution loads shown 1in Table 6. In Table 6, he compared the
BOD and suspended solids concentrations of treated sewage to urban run-
off. Van Sickle assumed, for the sake of comparison, two types of
treated sewage. The first type was effluent from a plant employing
the secondary treatment processes most commonly found today. The
second type was a plant using a tertiary treatment process. Tertiary
treatment processes are more advanced and provided the purity of ef-
fluent that will surely be necessary in the future. According to pro-
Jections for the Galveston Bay area this data showed that the BOD
Toading from surface runoff will be close to double the BOD Toading
from treated domestic sewage. Van Sickle concludes that, if the Cin-
cinnati data is even approximately representative of runoff quality in

the Galveston Bay area, then an "already serious" sanitary sewage and
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industrial waste problem which exists now will be further complicated by
urban runoff in the future,

Colston (34) did a study in 1972 in Durham, North Carolina for the
purpose of characterizing urban land runoff. The results of his study
are shown in Table 7. His findings showed that the organic concen-
tration in urban runoff is approximately one-half that for raw sewage
and that the concentrations of heavy metals and solids were two to fifty
times greater. He also found that during the wetter periocds of 1972,
the COD of the urban runoff was four and one-half times that of raw
sewage, while the suspended solids concentrations were approximately
one hundred times that of raw sewage.

Colston specifically stated that urban land runoffwasa signifi-
cant non-peoint source of pollution. He also suggestedthat perhaps
storm-water quality quidelines will be implemented in the future.

McElroy, et al. (35) completed an analysis of non-point source
pollution in the Missouri Basin Region in January of 1975. They
basically concurred with the findings of the before-mentioned authors.
They said that sediment is the most important non~point source
pollutant because it is a carrier of nutrients, pesticides, metals,
organics, bacteria, and other contaminants.

Shaheen (36) studied the non-point source pollution contribution
from urban roadways. He determined that less than five percent of the
traffic-related roadway deposits came directly from motor vehicles.
These deposits included grease and n-paraffins from Tubricants, anti-

freeze and hydraulic fluid; lead from fuel; lead oxide from tires;
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zinc from tires and motor oil; copper, nickel, and chromium from bear-
ings and plating; and copper and asbestos from brake and clutch lin-
ings.

Shaheen estimated that close te 100 percent of the lead in urban
runoff is from traffic-related sources. Chemical analyses were done
by the same author on stream bottom samples taken upstream and down-
stream from a roadway runoff discharge. He found permanent effects
upon the stream bottom sediments. He also determined that roadways
were the recipients of particulate matter fall-out from industrial
areas. They are more effective transporters of this fall-out than

normal undisturbed terrain.

Domestic Sewage

According to Hann (37), domestic wastes in the Houston Ship Channel
during 1975 accounted for 65 percent of the waste loading during normal
conditions. This fact has surprised many researchers because the
waste loading from ship channel-harbor complexes is normally thought
to be purely from industrial sources. In Bates' (38) monitoring of
the Houston Ship Channel during 1973 and 1974, he found fecal coliform
counts exceeding 250,000 per 100 m1 in the turning basin. The Environ-
mental Protection Agency recommended not more than 200 fecal coliform
per 100 m1 for contact sports, nor more than 2,000 fecal coliform per
100 m1 for shelifish. Fecal coliform indicates the presence of human
wastes.

Ketchum (8) reported that even though the science of sewage dis-
posal is very old and tremendous developments have been made, serious

problems remain unsolved. He says that one of the problems is the
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effect of cycling and recycling the nutrients from sewage. He recom-
mended that research be done on the effects of domestic wastes upon
metabolism, diseases, parasites, and reproductive capabilities of
marine Tife. Ketchum was also concerned about the effect of viruses
which pass through sewage treatment plants, and how they may be passed

from fish and shellfish to man.

Water Withdrawals and Returns

Ketchum (8) reported that the need for water has prompted 40 per-
cent of the nations' industries to locate in the coastal zone. The
concern of this report is with withdrawals and discharges that involve
ports and harbors. The majority of the sea water used along the Texas
Gulf Coast is for cooling, and in one instance, desalinization.

The most significant water withdrawal in ship channel-harbor com-
plexes is once-through cooling water for power plants and industries.
According to Eisenbud and Gleason (39), present day nuclear power plants
produce waste heat totaling between 6,000 and 6,500 BTU per kilowatt-
hour of electricity, while the average fossil fuel power plant produces
waste heat at the rate of 4,200 to 4,700 BTU per kiTowatt-hour of
electricity generated. This heat must be dissipated to the earth, the
atmosphere, or a large body of water.

Because of the economics involved, these entities prefer to dis-
charge the cooling water directly. However, because of regulations
from the Environmental Protection Agency and the Texas Water Quality
Board, many heat-generating industries utilize cooling towers or cool-
ing water ponds. Both of these devices decrease the water discharge

temperature by utilizing the Tatent heat of vaporization. The total
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volume of water is decreased while the dissolved and suspended frac-
tions remain the same, thus concentrating the discharge slightly.

According to Hann (40), the intake and discharges in a nearly
stagnant body of water can be a valuable asset by increasing circu-
lation and mixing. However, he added that the increased temperature
of cooling water discharge will reduce the amount of dissolved oxygen
retained by water. Because of this, Targe variations in temperature
in the same area over a period of time will strain the habitat of the
area and cause an imbalance in the ecosystem. This is the primary
reason regulatory agencies restrict the thermal discharges to a maxi-
mum temperature of four degrees above ambient in the fall, winter and
spring. .

Ketchum (8) further explained that since deep water js used in
most cooling applications and may already be low in dissolved oxygen,
‘the act of adding heat to it may decrease the oxygen levels to the
lethal point. Furthermore, increased temperature accelerates the res-
piration rate of both plants and animals. As a result, catastrophic
fish kills may occur at night when plants are not photosynthetically
active.

Ketchum (8) also reported that some cooling water users employ
chlorine as a biocide to prevent or control fouling of their heat ex-
changers. The chlorine not only has toxic effects on entrained or-
ganisms, but also on benthic organisms.

Parker, et al. (41) explained the advantages of locating cooling
intake and discharge points where minimal mixing will occur between the

two. However, this creates a situation where polluted water may be used
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for cooling and discharged into an unpolluted area. An example of this
situation exists in the Corpus Christi Inner Harbor. A cooling water
user takes water from the inner harbor and discharges it in Nueces Bay.
Withers' (42) and Slowey's (13} investigations showed that the dis-
charge has perhaps spread heavy metals from the harbor into the estuary.
While the flushing is an advantage in polluted areas, it could cause
degradation of previously non-polluted areas.

Another withdrawal previously mentioned is desalination and chemi-
cal extraction from seawater. There are only two plants of this type,
Tocated in Texas and both are located at Freeport. The chemical ex-
traction plant is owned by Dow Chemical and the desalination plant is
owned by the United States Department of the Interior. The Dow plant
has a design capacity requiring two million galions of seawater per
minute., The adjacent desalination plant receives the water after the
chemicals have been removed and processes it for domestic use. Even
though the future operating status of these particular plants is ques-
tionabte, plants of this type will become more frequent as natural
resources are depleted.

The currents and water demands caused by the withdrawals create
salinity imbalances in harbors and ship channels similar to cooling
water users. However, there is no thermal poliution of the magnitude

often found with a once-through cooling operation.

Industrial Wastes Discharges

Part of each dollar spent on manufactured goods today goes for the
prevention of industrial pollution. It has received a large portion of

the research efforts in the United States during the last decade. These
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efforts and expenditures have not totally solved the problem of
industrial pollution, but they have provided vast improvements.

Hann, et al. (40) stated that in 1971 industrial wastes discharges
per day along the Texas Gulf Coast exceeded 660,000 1bs. BOD,

1,671,000 1bs. total suspended solids and 2,560,000 1bs. COD. He
mentioned that the major industrial pollution sources are the industries,
as a whole, along the Houston Ship Channel. They discharge in excess of
200 million gallons per day of industrial waste.

Hann explained that the major concern involving industrial pollution
was its effect on the natural aquatic system. The most important chemi-
cal components of industrial waste are oxygen-demanding wastes,
nutrients, inorganic chemicals and mineral substances, synthetic
organic chemicals, radioactive pollutants, refractory materials, and
heavy metals. The discharging of these materials in amounts exceeding
the nétura? assimilative capacity of a body of water causes either a
toxic effect or a decrease in available oxygen. Either of these
effects is detrimental to aquatic systems because a valuable Tink in

the natural food chain is broken.

Oxygen-Demanding Materials. These wastes are often a result of

food processing, paper mill production, leather tanning, and various
other manufacturing processes. Wastes of this type can be destroyed by
bacteria, if sufficient oxygen is present. Therefore, the oxygen re-
quired to support aquatic 1ife is consumed if there is too great a
waste load. This is also referred to as exceeding the assimilative

capacity of the body of water.
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Nutrients. These substances are thought of as mainly consisting
of nitrogen and phosphorus. They occur naturally in water in limited
amounts. When mixed with water, nutrients support and stimulate aquatic
vegetation such as algae, weeds, and various other plant life. An
abundance of these compounds in the water will over-stimulate the growth
of aquatic plant life causing several undesirable conditions, such as
unsightly conditions and unpleasant odors. WNutrients are contained in
runoff, sewage, industrial waste, and numerous other sources. They
are a major problem because they cannot be removed by biological treat-
ment. 1In fact, after biological treatment, they are transformed into
a more readily usable form by the plant life.

Inorganic Chemicals and Mineral Substances. These materials include

numerous metal salts, acids, solids, and numerous other chemical com-
pounds. They are derived from agricultural runoff, oil field operations,
mining and manufacturing processes, and natural sources. Hann reported
that acids of a wide variety are discharged regularly by industry.

Synthetic Organic Chemicals. Hann included detergents, household

chemicals, organic pesticides, synthetic industrial chemicals, and
chemical manufacturing wastes in this classification. He considered
many of these chemicals toxic to aquatic Tife and humans. Also, many
of the chemicals resist most conventional waste treatment processes
and exhibit an undetermined long-term effect.

Radioactive Pollutants. As planning progresses on nuclear power

plants in the Guif Coast, radioactive pollutants are going to become
more important in the envirommental picture. According to Hann, radio-

active wastes can result from the mining and processing of radiocactive
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ore and from the use of radioactive materials in power plants, indus-
tries, medical studies, and research. Hann added that radiation can
accumulate in humans over a period of time. Therefore, he recommended
that proper attention be given to the total human environment.

Refractory Materials. The synthetic organic chemical industry,

according to Hann (40), produces certain chemical wastes that do not
readily biodegrade in natural streams. These materials are the result
of a series of highly sophisticated physical and chemical reactions,
and are difficult to degrade. These resistant substances often produce
foam or toxic effects in water. These substances may be carried along
in currents, may end up in sediment, and may produce pollution effects
many miles from their source. Their effects sometimes remain for long
periods of time.

Heavy Metals. According to Ketchum (8), these pollutants are often

discharged in treated effluents because they don't respond well to most
waste treatment processes. Heavy metals may come originally from corro-
sion of in-plant process equipment, certain coatings, metal smelting,
metal foundries, metal fabrication, and petrochemical by-products. The
real damage from these metals is due to the fact that they may build up
to hazardous levels in certain fractions of the food chain, such as in
shellfish.

Effects. The effects of tremendous waste loads in the harbors
and ship channels depend upon a great many factors. One factor is the
flushing time of the body of water. This refers to how often existing
water is replaced with new water. For example, Sparr, et al. (43) dis-

covered that the mean flushing time for the upper fourteen miles of the
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Houston Ship Channel is 26.2 days. He also found that during 10 per-
cent of the year (probably late summer), the flushing time exceeded 80
days. He explained that during 10 percent of the year conservative (slow
decaying) materials would be 80 times greater than the daily discharge
rate into the system. Sparr further pointed out that when all the
ship channel above Morgan's Point was considered, the mean flushing
time was only 15 days. This part of the channel is subject to greater
inflows, greater tidal influence and greater wind activity. Therefore,
one would expect the Tower part of the channel to have a greater waste
assimilation capacity.

A factor worthy to be included when considering the effects of
industrial pollution was studied by Hutton (44) in the Houston Ship
Channel. 1In his study he found that 32 percent of the waste loading

was eventually deposited on the bottom as sludge.

0il Spills

According to Nelson-Smith (45) oil spills have been occurring on
inland waterways for over 220 years. He also reported that ocean-
going tankers began operating as far back as 1874 between other céun-
tries and the United States. The ships carried about 2000 tons
(about 1,450 barrels). Sittig {46) reported that the first major oil
spill incident in the United States invoived a tanker named Santa Rita
in San Francisco Bay in 1907. Since the 1907 o0il spill, there have
been many others.

Not all oil spills come from tankers. Many spills come from

barges, pipelines, storage tanks, refining operations, loading and
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unloading terminals, offshore drilling and oil production, and from
sources previously discussed in this section. The sources discussed
in this part of the report will be those most Tikely to affect the
waters and marine 1ife of a ship channel-harbor complex.

Causes. Between January of 1973 and November of 1974, Schwartz
(47) reported that there were 47 o0il spills of over 50 barrels per
spill in Texas. These spills amounted to over 26,000 barrels of oil.
Using data from the Texas Water Quality Board files, Schwartz compiled
information showing the counties in which 0i1 spills occurred (Figure 2).
There appeared to be a relationship between the amount of oil spilled
and the amount shipped. As shown in Figure 3, Schwartz also determined
the causes of the spills in relationship to the number of incidents
and the volume of spills. Equipment failure was the most freguent
cause of a spill, but did not release the 0il. On the other hand, human
error does not occur as often, but is usually more disastrous. A sig-
nificant number of the undetermined spill sources would most likely be
from moving vessels that released a small amount of o0il which was not
discovered until the vessel was hours away, or a spill on shore that
floated in from a flowing drainage ditch.

Schwartz also displayed causes of spills versus spill quantity
as shown in Figure 4. Barge accidents clearly accounted for a large
majority of the oil spills caused by human error. Vandalism accounted
for 1,075 barrels, or over five and one-half percent of the spill
volume due to human error. Vandalism and perhaps some of the spills
from ship discharges are probably the only cases of willfully discharg-

ing oil. Equipment failure, the second ranking cause of oil spills
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by volume, is broken down into spills from pipelines, barge operations,
and storage operations. Pipelines are the most significant cause of
spills due to equipment failure. One might deduce that the mere nature
of pipelines, with their many unattended miles and stream crossings,
might be responsible. All three of the subheadings under equipment
failure depend greatly on preventive maintenance for their reliability.
The corrosion of metal, seals, packings, or gaskets is most often the
culprit.

The magnitude of a spill may be estimated if the approximate area
covered by the spill can be estimated. Table 8 lists the quantity of
oil per unit area and the appearance of different thicknesses of oil
sticks.

Behavior. The behavior of the oil once it is discharged upon the
water is an important factor in coping with an oil-spill problem.
Nelson-Smith (45) reported that the spreading of o0il on water was less
important than its mechanical transport by wind, tide, and currents.
He added that the effect of tides is largely cancelled out by their
oscillating action. He indicated that the wind is probably the most
important factor in o0il slick movement., Depending upon the currents
involved, he cited research showing that oil slicks will drift at
speeds of 2.5 to 4.2 percent of the wind speed. Sittig (46) reported
that in the absence of current or debris, an 0il slick will move with
the wind at three to four percent of its speed.

As shown in Figure 5, Herbich (48) calculated what the shape of
a 50,000 barrel per day oil spill would Took like after four hours due

to current only. He predicted the expected shape with no current,



TABLE 8

American Petroleum Institute Description
of the Appearance of 0i1 Films

Barely Visible
Silvery Sheen

Trace of Color

Bright Bands of Color
Colors Dull

Colors Dark

Source: Nelson-Smith (45)

on Water

Quantity of 0il

qal/mile? liter/km?
25 44
50 88
100 176
200 352
666 1170
1332 2340

39
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with a one-fourth knot current (.287 miles per hour), and a one-half
knot current (.575 miles per hour). Herbich said that a spill such as
the one illustrated in Figure 5 would be typical of a tanker-type acci-
dent.

Weathering. Many peopile believe that no harm is done if an o0il
spill is cleaned up before it strikes Tand. This is not necessarily
true. According to Sittig (46), the moment oil comes to rest upon sea-
water it begins to be altered chemically by evaporation, dissolution,
microbial action, chemical oxidation, and photochemical reactions.

He referred to these activities as weathering. The rate of weathering
or degradation depends upon 1ight, temperature, nutrients and inorganic
substances, currents, tides, wind, and wave action. Weathering reac-
tions also depend upon the composition of the 0il. The more toxic
fractions are not easily degraded, and may either settle to the bottom
or float as tarry lumps. Naturally, said Sittig, the mass of oil may
continue moving while the decomposition activities are proceeding.

Sittig said that the eQents taking place after an o0il spill in
order of occurrence are spreading, evaporation, dissolution and emul-
sification, auto-oxidation, microbiological degradation, sinking, and
resurfacing af'a Tater time to repeat the process.

Opinions on how Tong o0il may persist in the ocean environment,
if not blown ashore, are varied. Sittig said that lumps which settle
to the bottom may remain "indeterminately". In his investigation of
an oil spill from the tanker Metula in Chile, Hann {49) estimated
that the effect of the spill was evident to a casual observer for five

years, and to a trained observer for over ten years. From several case
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studies of major oil spills, Sittig (46) cited oil residence times of
between two and five years. Hann explained that unrecovered oil will
provide a chronic source of poliution in the area surrounding spilis

for years.

Effect. The effect of oil spills, oil emulsifiers and oil dis-
persants upon marine organisms is recejving a tremendous amount of
study. According to Nelson-Smith (45), the most obvious effects of
any large spill are mechanical. He explained that oils and oil emul-
sjons clog or blanket all structures contacted, and inhibit movement,
respiration and feeding of small animals. Sittig (46) explained that
many of the low boiling point aromatic hydrocarbons {contained in oil)
are lethal poisons, and can kill through direct contact with the organ-
isms. Also, the water-soluble fractions of oil may have toxic effects
at a Tater time and at a different location. Sittig also said that
many forms of organisms may be destroyed while they are in the sensi-
tive juvenile stage of growth. Some marine 1ife may only receive sub-
lethal doses of oil or oil fractions, and thus weaken their resistance
to diseases and stresses. In addition to this, the food value of an
organism may either be reduced or destroyed completely by oil, thus
interrupting the entire food chain. An interruption of the food chain
will certainly affect organisms higher up the food chain. Finally,
Sittig said that spilled oil can introduce carcinogens (cancer-causing
substances} into the food chain.

0i1 can also affect waterfowl by coating them, thus destroying
the insulation and buoyancy of their feathers. This results in a loss

of body heat and the possible ingestion of o0il or oil dispersants.
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Shellfish are Tikely to be the most directly affected segment of
marine life from an o0il spill. Most types will survive oil contami-
nation, but will develop an oily taste. Adult finfish are practically
unaffected by the oil because they merely avoid it. However, oil can

harm the eggs, the larvae, or the juveniles.

Hazardous Materials Spills

The term "“hazardous polluting substances" was used in the Water
Quality Improvement Act of 1970 in reference to a hazardous materials
spill. According to the Department of Transportation and the United
States Coast Guard (50), "A hazardous polluting substance includes
(other than oil) such elements and compounds which, when discharged
in any quantity into or upon the navigable waters of the United States
or adjoining shorelines or the waters of the contiguous zone, present
an imminent and substantial danger to the public health or welfare,
including, but not 1imited to, fish, shellfish, wildlife, shorelines,
and beaches." This report will use the Department of Transportation
and United States Coast Guard definition when making reference to haz-
ardous materials and hazardous polluting substances.

Hazardous polluting substances are either manufactured or consumed
near the average port or harbor, and are transported upon the waters of
such a facility. Therefore, these substances pose the threat of spill-
age in the ship channel-harbor complex. Hazardous polluting substances
may be introduced into the water directly, from the air, or from shore.

Shoreside facilities such as manufacturing processes, loading docks,
waste treatment plants and different methods of transportation are

extremely vulnerable to spills. The mist, or vapor from manufacturing
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processes can also cause "fall out" from the air which can cause haz-
ardous materials to be introduced into a body of water. Leakage, wash-
ings, and discharges from vessels can also be responsible for a
hazardous material contaminating a body of water. According to Hann
(51), the criteria for evaluating a spill of a hazardous polluting sub-
stance should include, but not be Timited to; the following:

1. Acute and chronic effects on human beings,

2. Acute and chronic effects on aquatic organisms,

3. Contamination and spoilage of human food organisms,

4, Effects on vegetation such as irrigated crops,

5. Aesthetic effects,

6. Air pollution hazards from materials in and on the aquatic
environment, and

7. Physical and chemical properties of the material.

Spills of hazardous polluting substances usually occur in much the
same way as those from industrial discharges and oil spills, and
details on how these materials may reach a body of water were discussed
in the sections on industrial discharges. Hann (52) noted that spills
of hazardous materials posed many of the same threats to the environ-
ment that an oil spill or an industrial discharge does. The most im-
portant difference is that hazardous materials may be toxic. -

Two types of toxicity as described by Hann (51) are (1) acute
toxicity and (2} chronic toxicity. A material is considered to be
acutely toxic to an organism if, upon exposure, some organisms die in
a very short time. This condition usually occurs in the immediate

vicinity of a spill of considerable size, especially if the material
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does not readily mix or diffuse into the surrounding water., The
chronic or accumulative toxicity of a material is the long-term effect
on an organism. These effects may either result in death or impairment
of basic functions, such as the ability to reproduce, swim, or disease
resistance. The chronic toxicity condition usually follows an acutely
toxic condition, but it may be the sole result of a spill.

The difficulty involved with the spill of a hazardous material
is that removal or treatment of the material is extremely difficult.

Also, the toxicity of various chemicals is an entire science in itself.

Floating Debris

Floating debris is not commonly thoUght of as pollution. However,
for purposes of this report, it is considered pollution because of
its accident potential, its effect on 01l spill recovery, and its
damage to waterway aesthetics.

According to Hancock and Jensen (53), two basic types of floating
debris are {1) natural debris and (2) man-made debris. Natural
debris is material that enters or grows on a waterway regardless of
man's activities. Man-made debris is mostly wood, and includes pieces
of shorefront structures and vessels, discarded dunnage from vessels,
and dumped trash. Both natural and man-made debris are often trans-
ported to a harbor or waterway by overland runoff or exceptionally
high tides.

Floating debris could cause damage to the propulsion and
guidance systems of tow vessels, and also to cargo vessels containing
liquids. Hancock and Jensen (53) noted that the Port of Houston has

a high concentration of debris because of its lack of flushing.
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They also said that complications, caused by combining floating debris
with an 0il spill in the channel, almost necessitated the entire re-
moval of floating debris by hand. They also mentioned that floating
liquids and floating debris usually concentrate in the same place,

thus multiplying the cleaning effort. Lastly, floating debris attracts
unfavorable publicity for the management of a ship channel-harbor

complex.

Seafood Processing Wastes

Significance. Cobb (54) reported that Texas produces a major

portion of the total United States fishery output. He listed shrimp,
fish, oysters, and crabs as the main varieties caught. He predicted
that commercial fish catches along the Texas Gulf Coast could be in-
creased several times above the present Tevel without seriously
affecting the stock.

Crance (55) stated that shrimp are the most valuable seafood
catch in Texas, with oysters ranking second. He said that the men-
haden fishery is Texas' third most valuable fishery, and is an import-
ant source of high quality protein. Other valuable species are blue
crabs, red snapper, redfish, spotted trout, black drum, and flounder.
Harvests of nearly all these species are seasonal.

Mehos (56) estimated that the fishing potential in the Gulf of
Mexico is 14 times the present level of harvest. This estimate,
atong with Cobb's, indicates that the seafood processing industry
has a potential for tremendous growth. This growtﬁ will undoubtedly

bring increased volumes of wastes.
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Seafood Processes. Hann (40) reported that seafood caught

along the Texas Gulf Coast is processed in 157 plants. The processing
of seafood consists of untoading the boats, weighing, washing, evis-
ceration, hulling, shelling or scaling, washing again, perhaps cooking,
final separation of meat from waste parts, and packing. Each step
removes some unwanted waste material, which is usuaily carried by
water. Regardless of whether the product is frozen or canned, the
process wastewater streams are practically the same.

Wastewater Stream Quality. Mendenhall (57) stated that the pro-

cessing of crabs yields a waste equalling 85 percent of the quantity
of crabs brocessed, whereas shrimp processing only yields a waste
equalling 65 percent of the quantity of shrimp. He classified the
wastes from these crustaceans to be 30 to 50 percent protein, 50 per-
cent calcium salts, 3 to 14 percent chitin, 1 to 15 percent fat and
0il, plus various amounts of moisture.

Mauldin and Szabo (58) explained that shrimp processing plants
operate intermittently during the year because of requlated harvest
seasons. Because the controlled seasons subject plants to very high
peak operating conditions, waste discharges are usually of a high
pollution strength and relatively Targe in volume. Mauldin and Szabo
collected the BOD and suspended solids data for shrimp processing
shown in Table 9.

Effects of Wastes on Natural Waters. Mendenhall expiained that

waste products from shellfish processing plants are eventually broken
down by microorganisms in natural water bodies. These organisms

demand oxygen for respiration. If this oxygen demand is great enough.
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other natural organisms may be deprived of oxygen. Also, floating
and suspended particles become mixed with scum from the decaying pro-
cess, and therefore, become annoying. Some waste materials, such as
chitin, must be in the water for long periods of time before they are
degraded. Mendenhall mentioned that, if oxygen is depleted and the

waste degradation process becomes anaerobic, then the degradation

49

process will produce large amounts of nauseating gases such as ammonia,

hydrogen sulfide, methane, mercaptan, and cadaverin.

Some seafood processing plants along the Gulf Coast do very
1ittle waste treatment. Other plants have extensive treatment facili-
ties. Most of these facilities include some form of pretreatment
combined with the discharging of the remaining waste to a municipal
sewage system.

Vigil (59) reported that until July 1, 1977, the EPA is only re-
quiring the use of the best available technology economically achiev-
able. The EPA definitions of the two levels of treatment for shrimp
and crabs are shown in Table 10.

Vigil also reported average effluent values for 12 shrimp pro-
cessors at the Brownsville Fishing Harbor. Vigil stated that he
obtained these values from Texas A&M University Research Engineer,

Richard E. Withers. The effluent values are shown in Table 11.
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TABLE 11
Average Effluent Yalues for 12 Shrimp Processors
at the Port of Brownsville Fishing Harbor

Fecal Coliform MPN (Per 100 M1) 29.

pH 7.
Temperature (°F) 61.
Alkalinity (CaC03) mg/1 188.
BOD {mg/1) 1,158.
Total Solids mg/1 2,468.
Total Dissolved Solids mg/1 1,638.
Total Suspended Solids mg/1 824.
Specific Conductance {(pmhos) 2,023.

0i1 and Grease 113.
Chlorides (as C1) mg/1 408.

Source: Vigil, (59).
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CHAPTER 11
MAGNITUDE AND IMPACT OF WATER POLLUTION
Relative Importance of the Sources

Previous Studies

In a study made during 1975, Hann (7) outlined thirteen major
sources of pollution in the ship channels and estuaries he considered.
He developed a matrixlshowing the significance of each source as a
contributor to pollution. The matrix, shown in Table 12, indicated
that the petrochemical industry, metal processing plants, and main-
tenance dredging were the most often named pollution sources. Domes-
tic sewage, petroleum refining, and power generation were Tisted next
in importance. The remaining sources were less frequently named as
major contributors of pollution. Hann stated that his matrix is based

upon information compiled from years of environmental studies.

Summary of Field Interviews

Eight ship channel-harbor complexes were visited during the summer
of 1975 on a series of fact-finding missions. Key people were inter-
viewed in detail concerning the environmental problems of their local
ship channel-harbor complex. People interviewed included the top
management of port authorities, the local Texas Water Quality Board
Staff, the Texas Parks and Wildlife officials, and various other in-
formed sources. FEach of the persons interviewed responded in a very
open and helpful manner, and displayed a genuine interest in the en-

vironmental aspects of port management.
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TABLE 12
Pollution Sources for Selected Texas Estuaries

S
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Domestic Sewage L H L HIL
Urban Runoff L H L L
Agricultural Runoff L L] L L
Petrochemical Industry H H H L|H L L
Petroleum Refining H H M H L
Pulp and Paper H H L
Mining L
Metal Processing L H L H1lH H
Fertilizer H L
Power Generation H L H L L
Dredging of Virgin Mtls. M M
Maintenance Dredging H H M M| H H L
Marine Commerce L-P L-P] P PP |L-P P
H - Major Waste Source Blank - No Significant Waste
M - Moderate Waste Source P - Potential for Major

L - Minor Waste Source

Source: Hann ( 7)

Problem from Spill
Situation
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According to the people interviewed, the top environmental problem
was the disposal of dredged materials. Most sources reported that cur-
rent Corps of Engineers' dredging permits required dredged materials to
be deposited above the water line. In some cases, this requires the
use of prime industrial land tracts or marshes. The Texas Department
of Parks and Wildlife was reportedly recommending that the Corps of Engi-
neers not permit the use of fish breeding or waterfowl habitats for
dredge disposal. In some locations, very little spoils disposal area
js left to choose from. This drives up the price of maintenance or new
dredging. Most people felt that eventually Texas ports will be in the
helpless position of having an antiquated channel with no dredged mate-
rial disposal area, which is necessary for improvements.

To those interviewed, the second ranked pollution problem was in-
dustrial pollution. Some indicated that industrial pollution had
improved in their area, while others noted that a few industries still
had made very little progress in abating pollution. Several comments
were also made concerning the problem of effectively enforcing the
many discharge permits. Most agreed that better monitoring is necessary
to prevent industries not in compliance from having a competitive ad-
vantage.

The third ranked problem was oil spills. There was a gene}a1 con-
sensus that too many oil spills were taking place. However, there was
a disagreement on who should clean up an oil spill. If a company's
identity can be determined, 0il spill cleanup is Tegally the responsi-

bility of the company causing it. However, some factions believe that
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if the violator cannot be found, then the port authority should assume
responsibility. Other factions believe it is the Coast Guard's res-
ponsibility. Everyone agrees that the responsibility for pollution
cleanup is poorly defined in this situation.

The fourth ranked problem was shipboard wastes, bilges, ballasts,
and tank washings. These offenses were described as being the hardest
to monitor and enforce, especially when the responsible ships are
foreign. Several people interviewed related incidents where ships had
obviously and deliberately polluted the waters of a port, and received
no legal response from regulatory agencies.

The fifth ranking problem was municipal sewage. Several people
thought these waste streams had received little attention from regu-
latory agencies. They cited instances where raw sewage was apparently
bypassed into the waters of the port or where a plant discharged
wastes because it was overloaded and operating in excess of 100 percent
of design capacity. They also complained that the public was not
sufficiently aware of problems caused by inadequate sewage treatment.
Several people speculated that this was why local bond elections to
finance sewage treatment plants had sometimes failed.

Most other problems cited in the interviews were administrative
in nature. Port authority officials felt that public reiations were
a problem. Many said they were active in the Sierra Club, civic clubs,
and trade or professional clubs. They felt the ports had received
unfavorable publicity at times because the public was just not in-

formed. FEach person interviewed agreed that the average citizen had no
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appreciation for the complexity of problems facing the average deep-—
water port.

It was also the opinion of several port managers that the EPA and
Texas Water Quality Board want port authorities to be the local spon-
sors for pollution improvements in the ports. This could result in
the port authority monitoring and enforcing regulations concerning
polluting activities. This would require more watercraft employees,
laboratory facilities, and supervisory time. Several people discussed
proposals requiring port authorities to maintain sufficient spill
clean-up equipment to handle any spills that could not be contained by
the responsibie company. Most port authorities said they do not have
sufficient funds nor a tax base adequate enough to generate the funds
necessary for this additional responsibility. One port authority had
installed waste collection and treatment systems to be financed from
user's fees. This can achieve basically the same result as the well-
known Gulf Coast Waste Disposal Authority in the Houston area. Still,
people in other port authorities said they have no legal authority nor
responsibility to enter into these activities.

Several people noted that the American Association of Port Au-
thorities has publiciy endorsed Federal Aid to ports for environ-
mental improvements. Several public agencies, including port
authorities, have received planning funds as authorized under Section
28 of Public Law 92-500.

Opinions varied when Coastal Zone Planning was discussed. Most

felt that proper planning and zoning would prevent some of the serious



58

nuisance probliems they have, but they were scared that expansion might
be curtailed. Most of the responses to Tand planning indicated that
the majority of the people had not formed a solid opinion on this
vital 1issue.

The opinions summarized in this section are the composite impres-
sions from interviews with many different persons. These opinions
should not be considered indicative of an individual's or group's
position on an issue, but rather they indicate a trend in thinking and

concern.
Data Collected From Previous Field Studies

Introduction

Field studies considered most beneficial for this project were
those done in the Port of Brownsville and the Port of Corpus Christi.
As explained earlier, these ports enable the study of water pollution
problems which would be obscure in most other ship channel-harbor com-
plexes. However, both ports possess the same basic physical layout of
the average port.

Corpus Christi Ship Channel and Inner Harbor Complex

According to Hann {60), the Inner Harbor Channel at Corpus Christi
is eight and one-half miles long and varies in width from two hundred
feet at the upper end to one thousand feet at the lower end. The ship
channel crosses Corpus Christi Bay and enters the Gulf of Mexico at
Port Aransas. The Corpus Christi Bay portion of the ship channel is
40 feet deep and 400 feet wide. The channel is in the process of being

deepened to 45 feet.
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About 1% miles from the mouth of the Inner Harbor Channel, Central
Power and Light Company's Nueces Bay Power Station withdraws approxi-
mately 544 million gallons per day of cooling water. This cooling
water is discharged into nearby Nueces Bay. The power station is res-
ponsible for nearly all the flow in the Inner Harbor Channel. Inflows
into the Channel include the rainfall runoff from a 17-square-mile
watershed, and industrial outfalls. Tidal heights are constant through-
out the length of the channel.

Hann (60) noted that one- to two- foot tides and limited fresh-
water inflow caused a long flushing time for the inner harbor. To
worsen its vulnerability to poliution, the Port of Corpus Christi is
protected from the Gulf of Mexico by barrier islands. Hann reported
that the water quality in the 8% mile inner harbor is poor, with re-
gard to some parameters, but is éppreciab}y better than the major ship
channels in eastern Texas.

The dissolved oxygen profile of the Corpus Christi Ship Channel-
Harbor Complex, as found in 1972, is shown in Figure 6 and 7. The

+layout of the sampling stations in the ship channel-harbor complex is
shown in Figures 8 and 9. Dissolved oxygen varied throughout the year,
as temperature and salinity varied.

In 1973, Withers,et al. (61) found the dissolved oxygen profile to
be very different, as shown in Figure 10. Runoff from rainfall was
probably the main reason the bottom dissolved oxygen levels increased
from the previous year. Improvements in treatment of industrial

wastes occurred during this period also.
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Withers utilized the findings of his 1973 investigations to develop
a mathematical model for waste management in a ship channel-harbor com-
plex. MWithers considered runoff, salinity, temperature, tides, wind,
and currents in developing and calibrating the model. He located the
point source of poilution as shown in Figure 11, determined the pollution
load magnitude as shown in Table 13, and determined the runoff from a
five-year design rainfall as shown in Figure 12.

Withers used the mathematical model as a management tool to evalu-
ate dissolved oxygen levels if waste loadings were increased. The
results presented in Figures 13 and 14 showed that the natural assimi-
Tative capacity of the waterway would be exceeded if the waste load
were doubled during the summer. However, during the winter, the natural
assimtlative capacity would not be exceeded until the waste load
became nearly three times the original. Proper use of the analytical
model is extremely valuable in long-range planning and water quality
management.

Port of Brownsville Fishing Harbor

The fishing harbor operated by the Port of Brownsville is located
in a dredged slip at Mile 13 of the Brownsville Ship Channel. The
fishing harbor Tayout is shown in Figure 15 and the location is shown
in Figure 16. The harbor measures 2100 feet by 1600 feet overall,
including two 300-foot by 1200-foot peninsulas in the center. Access
to the ship channel is provided bya 200-foot by 600-foot channel. The
harbor has 10,800 feet of dock space and a design depth of 14 feet.
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According to Withers (62) eight active seafood processing in-
stallations existed in 1972. He found seafood processing wastes
discharging through 12 outfall pipes with an average BODg Toading of
16,904 mg/1. A1l of the water quality parameters studied by Withers
were typical of good quality coastal waters. Table 14 shows a com-
parison between BODg and dissolved oxygen at three different times.

In 1972, Withers observed high copper and zinc levels in sedi-
ment of the fishing harbor. Tables 15 and 16 illustrate how these
parameters, plus the others listed, compared with those in the main
ship channel. Mile 0 is at the mouth of the Brownsville Ship Channel.
Table 17 shows the results of sediment studies conducted during 1974.
Withers noted that both the zinc and copper levels exceeded the EPA
Region VI Dredged Material Driteria of 50 PPM for copper and 75 PPM
for zinc. He also noted that the pattern of the sediment samples the
metals were found in indicated that the cause could have been one
point source or several. The zinc and copper coﬁ1d have come from
antifouling paints used on boats or from biocaccumulation in wastes
from fish and shrimp processing plants.

During 1975, a collection system was completed which collects
all waste streams from boats and fish-processing operations. These
waste streams are treated by land disposal at Tocations east of the

fishing harbor.
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TABLE 17
Sediment Analysis Comparison
1972 & 1974

Fishing Harbor

Parameter 1972 1974 1974
1/ 2/

coD 43600 mg/kg 12500 mg/kg 37000 mg/kg
BOD5 2800 mg/kg 1450 mg/kg 3000 mg/kg
011 and Grease 0.40% 0.19% 0.51%
Kjeldahl Nitrogen 983 mg/kg 570 mg/kg 980 mg/kyg
Volatile Solids 7.4% 5.4% 8.9%
Chromium 25 PPM 11 PPM 16 PPM
Copper 465 PPM 104 PPM 150 PPM
Lead 27 PPM 23 PPM 30 PPM
Manganese 200 PPM 146 PPM 221 PPM
Mercury 0.19 PPM 0.30 PPM 0.75 PPM
Nickel 19 PPM 16 PPM 36 PPM
Zinc 116 PPM 73 PPM 224 PPM

1/ Average of Stations 6 & 10 (1974) nearest Station 2 (1972)

2/ Highest value from the 10-1974 Stations

Note: Refer to Figure 15 (p.71).

Source: Withers, et al. (63).
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Field Studies Performed

Introduction

Three field studies were performed during this project to provide
more data and information on various sources of pollution in a ship
channel-harbor complex. This new data was necessary to supplement
previous data collected by Texas A&M University and other research
facilities. The combination of old and new data has made the study of
the magnitude and impact of pollution sources more relevant to the

Texas Gulf Coast.

Study of the Corpus Christi Inner Harbor

Field Technique. The equipment employed in a field study of the

Corpus Christi Port Inner Harbor Complex included a 19-foot Power Cat
outboard motor boat, a conventional water sampler, a dissolved oxygen
meter, and a salinity probe. Thepartyconsisted of four members. One
member piloted the boat and supervised the instrument operation. An-
other member assisted with navigation and kept data. The two remain-
ing members collected samples; checked them for D.0., salinity, and
conductivity; and set up samples for the Winkler test.

Figure 8 (p. 62) shows the location of sample stations and seg-
ments. Mile 0.0 is at the channel mouth and mile 8.5 is at the turning
basin, Stations sampled were at mile 8.5, 7.0, 6.0, 4.0, 3.0, 2.0,
1.0, 0.0, and across the channel from the CP&L Power Plant intake.

Summary of Activity. The party did not observe any spills or oil

slicks. Grain chaff was observed on the water surface between stations

6 and 4. Some of the chaff could have come from grain-loading
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facilities. The rest was probably particulate fallout from the air.
Ships were observed closely, but no violations were noted.

Parameters Measured, Sampied, and Analyzed. During the Corpus

Christi Port and Inner Harbor Complex field study, water quality para-
meters measured included temperature, dissolved oxygen, salinity, and
conductivity. Samples collected were analyzed in the field lab for
alkalinity and BODS. Other samples were analyzed at the main campus
for nifrates, nitrites, and Chlorophyl A. Procedures used for the

analyses were taken from Standard Methods for the Examination of Water

and Wastewater (65).

Results of the physical analyses are displayed in Table 18 and
results of the chemical analyses are displayed in Table 19. Surface
and bottom temperature profiles, salinity profiles, and dissolved

oxygen profiles are displayed in Figures 17, 18, and 19, respectively.

Study of the Port of Brownsville Fishing Harbor

Field Technique. The equipment employed in a field study of the

Port of Brownsville Fishing Harbor included a 14-foot Monark flat-
bottom boat with a 25-horsepower motor, a conventional water sampler,
a dissolved oxygen meter, and a salinity probe. Salinity, conductivity,
temperature, and dissolved oxygen were determined at the stations
directly from the instruments. Water samples were collected and taken
to a temporary field laboratory where they were analyzed for Eh, pH,
ammonia, turbidity, alkalinity, and BODS. The samples were then frozen
and carried to laboratories in the Environmental Engineering Division

at Texas A&M University, where they were analyzed for total organic
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TABLE 18
Physical Analysis
Corpus Christi Inner Harbor Water

Date Time Station Depth Cond. Sal. Temg. D.0.
Rivermiles (umhos/cm)  (PPT)  (°C (PPM)

5/25/75 1745 Mile 8.5 T 39100 19.2 29.4 7.7
B 38500 21.5  29.4 5.2

1850 Mile 7.0 T 40500 20.0 30.0 7.5

B 38700 17.0 32.0 4,2

Mile 6.0 T 40000 20.9  30.0 5.9

B 37000 20.0  27.5 4.4

Mile 4.0 T 39800 19.8 29.0 6.2

B 39600 20.0 28.0 3.6

1910 Mile 3.0 T 41100 19.6 30.3 7.2

B 40000 17.0 28.0 4.4

Mile 2.0 T 41500 20.1  30.0 6.2

B 38000 19.5 28.8 4.6

1945  CP&L T 28.0 8.8

B 8.8

2000 Mile 1.0 T 38200 19.5 28.5 6.5

B 26000 19.7 27.5 5.6

2035 Mile 0.0 T 38000 21.0 29.0 7.4

B 37800 19.0 27.7 5.1

T~ Top

B- Bottom
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carbon {TOC), suspended solids, and nutrients. Procedures used were

as outlined in Standard Methods for the Examination of Water and Waste-

water (65). Figure 15 (p. 71) shows the sample station locations.

Summary of Activity. The party did not observe any spills, dis-

charges, or floating matter. Shrimp-boat traffic was pretty heavy and
probably averaged about one boat every 10 to 12 minutes. Near the
harbor entrance, men were observed sanding rust and paint from boat
hulls. The wind was mild and blowing from the south.

Data. Three stations were sampled in the ship channel and compared
with three stations in the fishing harbor. All stations in the fishing
harbor were found to have adequate dissolved oxygen (greater than 4
PPM). The pH was approximately equal to 8 which is acceptable. The
high turbidity reading of 52.0 FTU's at Station 3 was probably caused
by disturbing the bottom siit with the water sampler. This data is
shown in Table 26. The chemical analysis data, shown in Table 21, are
all within acceptable ranges. The Chlorephyll Aconcentrations probably
indicate the presence of algal activity. The nutrient analysis data,
shown in Table 22, indicated concentrations equal to or less than nor-
mal. In the past, the main concern in the fishing harbor has been the
presence of high copper and zinc concentrations in the sediment. Data
shown in Table 23 indicated that copper concentrations in the water,
which had been approaching 55 PPB, had been reduced to 37 PPB. Also,
zinc concentrations in the water which had been approaching 25 PPB in
January 1974 according to Withers (63), ranged as high as 31 PPB during
this study. This ?ndicated that an active source of copper and zinc

still existed.
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New estimates of waste loadings were made by applying the values
in Table 9, (p. 48) to the 1975 shrimp catch of 7,360,199 1bs. as re-
ported by Ersel Lantz of the Brownsville Navigation District. These
loadings were 521,143 1bs. of 8005 per year and 295,289 1bs. of sus-

pended solids per year,

Brownsville Ship Channel System Non-Point Source Study

Introduction. The results of a non-point source study along the

Brownsville Ship Channel system were used in evaluating the contribu-
tion of pollutants from sources other than the point sources adjacent
to the channel. A great need exists for this type of research along
the Texas Gulf Coast, but it needs to be done in much more detail than
what was done in this study. Information provided in this initial
study will provide some base data and will be valuable in pianning
more detailed future studies.

Two battery-powered sequential samplers were located at the stations
as shown on Figqure 20, These sample stations will be referred to as
the Ag Ditch Sample Point and the San Martin Number Five Sampie Point.
The watersheds draining through these two sample points are shown in
Figure 21. The San Martin Lake Watershed-North drains through the
San Martin Number Five Sample Point. The San Martin Lake Watershed-
South drains first through the Ag Ditch Sample Point, and later through
the San Martin Lake Number Five Sample Point. The Brownsville Ship
Channel Watershed-Upper End was not studied.

Both watersheds studied are contained compietely within Cameron

County, Texas and are both a part of the Rancho Viejo Watershed.
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According to United States Department of Agriculture, Soil Conservation
Service Soil Maps, the majority of soils in the lower ends of both
watersheds are classified as being of the Sejita-lLomalta-Barrada As-
sociation. The remainder of the soils on both watersheds are made up
of equal parts of four other soil categories. Oné part contains soil
from the Laredo, Saline-Lamalta Association, while another section
contains soil from the Laredo-Olmito Association. The two remaining
types, found most in the upper end of the watersheds, are the Harlingen-
Benito Association and the Harlingen Association. All of the classifi-
cations contain silty clay loam and silty clay soil.

The San Martin Lake Watershed-South contains some of the outer
urban areas of Brownsville, citrus orchards, miscellaneous croplands,
and pastures. The San Martin Lake Watershed-North contains some small
urban areas, marshes, citrus orchards, croplands, and pastures. The
associated drainage ditch systems may contain tail-water from the
flood-type irrigation system used in most citrus groves. The San Martin
Lake System serves as a series of oxidation ponds in the pelishing pro-
cess for the Union Carbide Plant effluent.

The area of the San Martin Lake Watershed-North was found to be
approximately 138 square miles, while the San Martin Lake Watershed-
South contains approximately 27 square miles.

Technique. The sequential samplers were fully portable, self-con-
tained, and weather-proof. They both utilized a 12-volt finger-type
tubing pump powered by a rechargeable lead-acid battery. The pump con-
trols were fully automatic and adjustable. Variable adjustments al-

lowed control over the pumping cycle duration and the length of time

93
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available in the sampler at any one time. Sixteen gauge metal hoxes
were fabricated to totally enclose the samplers and prevent vandalism.
These boxes were locked and secured by lengths of one-half-inch steel
chain and padlocks to any available immovable object. The sampiers
were equipped with 15 feet of one-quarter-inch Tygon tubing with a
weighted strainer on the intake end.

Since only two of these expensive sequential samplers were avail-
able, it was decided to only monitor the effects of non-point pollution
.sources on the San Martin Lake System. Unfortunately, the project was
attempted during a very dry year in the Rio Grande Valley, and only
Timited results were obtained. Another complication was the fact that
the study site is nine hours by car from the main campus of Texas A&M
University,.

The only sampling was done during and shortly after one rainfall,
which ranged between one-half inch in some areas and one-quarter inch
in other areas and lasted about one hour. The rain fell mostly to the
north of Brownsville, and was concentrated upon the San Martin Lake
Watershed-South.

Seven 400 miltiliter samples were collected from each sampler
every four hours. The samples collected during the four hours were
composited into one sample, and returned to the field laboratory as soon
as possible. Field ana1yses‘inc7uded conductivity, salinity, dissolved
oxygen, five-day biochemical oxygen demand, turbidity, Eh, pH, and
alkalinity. The nutrient analyses were done in the Environmental En-

gineering Laboratory at Texas A&M University. Procedures used in all
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analyses were according to Standard Methods for the Examination of

Water and Wastewater (65).

The flow in the Ag Ditch was approximately three and one-half
cubic feet per second. The method used to determine the flow was the
surface float method. According to Linsley and Franzini (66), the
mean velocity of a stream is assumed to be 0.85 times the surface float
velocity. Field measurements determined the cross-sectional area of
the ditch to be 11.6 square feet and the mean velocity to be 0.3 feet
per second. There was no tidal influence in the ditch.

The quantity of flow past the San Martin Number Five Sample Point
was more difficult to measure because of a definite tidal influence.
However, the two contributors to the flow are the Ag Ditch and the
Union Carbide Plant. Union Carbide discharges 25 cubic feet per
second (67) and the Ag Ditch adds three and one-half cubic feet per
second. Thus, an estimate of flow from San Martin Lake into the
Brownsville Ship Channel would be 28.5 cubic feet per second.

Data. Datafrom the 24-hour non-point source study are shown in
Tables 24 and 25. A staff gauge placed in the Ag Ditch indicated that
the % to % inch rainfall did not produce appreciable runoff. Only one
BOD5 value was successfully recorded because of the influence of algal
organisms on the BOD test. All other parameters indicated that the
rain produced no variations throughout the period of sampling. The
only noteworthy data fluctuations were in the ammonia concentrations
at 0800 hours and at 2400 hours. The extremely Timited data indicated
that the Ag Ditch released less than 40 pounds of BOD5 per day to the

San Martin Lake System and eventually to the ship channel.
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The data from the San Martin Number Five Sample Point showed very
little fluctuation throughout the sample period. Field observations
confirmed that no rain fell directly on the lake and that very little,
if any, came from runoff. Therefore, the only net influence upon the
flow past the sample point was the Ag Ditch and the Union Carbide out-
fall.

Significance of the Field Studies Performed

Port of Corpus Christi Inner Harbor

The Port of Corpus Christi Inner Harbor was chosen for a field
study to provide information from a body of water that receives various
types of waste, yet abounds in fish and marine 1ife. During the field
trip of May 25, 1975, fishermen were observed at different locations
along the channel and gquestioned about their catch. Most of them re-
ported average catches of game fish regularly. This is an example of
a waterway where the wasteload does not exceed the natural assimila-
tive capacity of inner harbor waters. This condition could be obtained

in other ship channels with proper action.

Port of Brownsville Fishing Harbor

The Port of Brownsville Fishing Harbor is probably the best ex-
ample of a harbor devoted solely to fishing craft and associated pro-
cessing plants and businesses. It was noted that there was an
increase only in zinc, an impact one might not expect. The effects of
the Navigation District cleaning up the operations to decrease pollu-

tion in the fishing harbor wereevident. This was a project undertaken
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by the Port of Brownsville as an interim solution prior to completion

of their waste collection system in mid-1975.

Brownsville Ship Channel System Non-Point Source Study

The study of non-point pollution sources is a relatively new one
to the Texas Gulf Coast. Most research efforts are directed towards
problems considered to have greater significance. Few researchers are
convinced that non-point source pollution has an impact upon most water-
ways. The Brownsville Study was inconclusive within itself because the
study period fell during a dry season and water samples were only col-
lected during one 24-hour period. However, it does provide base data
for later research. There is a great need for conclusive long-term non-

point source pollution studies along coastal ship channels.
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CHAPTER TV

GENERAL SOLUTION

Identification of Problems

Introduction

The environmental problems of eight major ship channel-~harbor
complexes along the Texas Gulf Coast were studied during this project.
It was not the objective of this project to determine the ship chan-
nel-harbor complex with the most serious environmental problems, nor
was an attempt made to specifically solve each port's environmental
problems. This section wiil discuss what is defined as a "typical
port" on the Texas Gulf Coast. While it is agreed that no such typi-
cal port exists, it is possible to consider a composite case. This
composite-typical case is based on the assumption that the port
management's philosophy includes a planned destiny of continued success

and growth.

Probiems

The environmental problems discussed throughout this paper basic-
ally have followed the same pattern of development as the port. In
other words, the highly developed industrialized port will very 1ikely
have the most industrial pollution problems.

Before a plan of action can be formulated, a Tlist of water pollu-

tion problems within a typical ship channel-harbor complex, arranged
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according to their priority, should be developed. This was done and
the Tist is presented in Table 26. Some ports may have solved several
of these problems, or they may have never had them. If this is the
case, then that particular problem may simply be deleted from that
port's planning activities. The priority 1ist considers both the
present and potential environmental threat of the problem, and was
developed entirely from information gathered during this project.

Dredging and dredged materials are the most serious environmental
problem 1imiting the success and growth of ports. If something is
not done about the pollution Toad of dredged materials, the majority
of the ports on the Gulf Coast will be unable to obtain dredging per-
mits in the near future. Permits to dredge are more difficult to
obtain each year, mainly because of contaminated dredged materials.
Data cited in Chapter II indicated that approximately 32 percent of
the waste Toading in a ship channel ends up as sediment. This means
that all entities concerned with the future growth and viability of a
ship channel-harbor complex must be interested in controlling the
components making up the waste loading.

Industrial wastes are listed second in the priority list. Even
though tremendous advances have been made in controlling industrial
wastes, they still constitute a significant poliution problem because
1ittle natural flushing exists in most ship channels. Also, some in-
dustries are still lagging behind in developing waste treatment facili-
ties.

Because of their potential for causing pollution, oil spills are

Tisted third in priority. They presently occur almost daily in some
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10.
11,
12,
13.

TABLE 26
Water Pollution Problems in a Ship

Channel-Harbor Complex Listed According To
Priority

Dredging and dredged materials

Industrial wastes

0i1 spills

Rural and urban runoff

Hazardous materials spilis

Shipboard wastes

Domestic waste from shore

Ship bilge water

Ship ballast water

Ship tank and barge washings

Seafood processing

Water withdrawals and returns

Floating debris



areas, but very rarely in others. However, the potential for a huge
spill is great in areas where petrochemical plants and refineries are
highly concentrated.

Rural and urban runoff is rated as the fourth priority problem.
When rain falls on industrialized areas, the runoff carries large
amounts of waste products directly into adjacent channels. This run-
off comes in contact with slabs, buildings, loading areas, waste dumps,
and miscellaneous areas where waste accumulations from various sources
are found. Rural areas are considered important because of the re-
latively large watersheds that drain through some ship channels. Run-
off from residential areas is also important because of its quantity
and quality. Residential runoff creates waste loadings that are often
compared to sewage,

Hazardous materials spills are considered fifth on the priority
Tist because of their pollution potential. Once they are spilied,
these materials are almost impossible to ¢lean up. Therefore, preven-
tive measures deserve a great deal of attention.

Shipboard wastes are listed sixth in priority, and present the
same pollution effect as highly concentrated domestic sewage. These
wastes are often, by mistake, thought to be insignificant.

Domestic wastes from shore areasare in seventh place on the
priority Tist. In some areas, they may possibly be first. However,
the typical port considered in this section would most likely be sur-
rounded by municipalities proficient in the age-o0ld science of sewage

treatment.

103
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Ship bilge water is listed eighth on the priority list. Many
private industrial plants provide facilities into which ships can
pump their bilge water. Several ports even provide this service for
ships. This is an annoying problem, and it desires more attention.

Ship ballast water is Tisted ninth in priority. As with ship
bilge water, many facilities are provided for collecting ballast
water discharge from ships. There still is a need for better en-
forcement, and additional receiving and collection facilities are
needed.

Ship tank and barge washings are listed tenth in priority.
Studies cited in Chapter II indicated that large industries are
doing an adequate job of collecting and treating this waste, but that
some commercial barge washers need additional improvements.

Even though research in the Brownsvilie Fishing Harbor revealed
that seafood processing wastes can be properly handled by the port's
new collection system, these wastes are listed eleventh in priority.
Data collected during this study indicated that seafood processing
wastes can make a significant polliution contribution, if left uncon-
trolled.

Water withdrawals and returns are listed as twelfth on the pri-
ority list. Because increased temperatures of cooling water decrease
its capacity to adsorb oxygen, this problem may be much higher up the
priority 1ist in some areas. However, research along the Texas Gulf
Coast indicates that the increased flushing caused by water withdraw-

als is of benefit to most bays and estuaries. One problem is that
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water withdrawals and returns can transport pollutants into un-
polluted areas.

Floating debris is thirteenth and last on the list. It is
mainly a navigation hazard. However, in combination with an oil
spill it could cause untold removal and aesthetic problems.

Additional environmental problems and pollution sources could
be listed for each specific port. This is why careful research and
engineering is required for long-range planning and management of

environmental problems.
Solutions

Introduction

A long-range plan is necessary for the success and longevity of
virtually any activity. The environmental problems facing entities
concerned with managing a ship channel-harbor complex require broad-

based solutions and the development of proper management strategies.

General Solutions

General solutions to various water pollution probiems may be
obtained from the problem/solution matrix shown in Table 27, Pre-
paring a list of solutions is much easier than paying for them.
However, for Tong-range planning purposes it is assumed that all
solutions are feasible. The solutions to water pollution problems
listed in Table 27 are not to be used in detailed project planning,

but used to formulate plans of action. Most environmental problems
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TABLE 27
Problem/Solution Matrix for
the Environmental Management
of a Ship Channel-Harbor Complex
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confronting a ship channel-harbor complex can be solved using existing
technology along with improved operations.

Dredging. Dredging produces tremendous quantities of dredged mate-
rials that are especially difficult to dispose of if contaminated with
waste material. In Chapter II of this report, a study was cited showing
that 32 percent of the wasteload in a channel ends up as sediment. If
wasteloads can be decreased at their source, then dredged materials
might, in the future, be easier to dispose of. Dredged materials are
disposed of in several ways. Disposal usually consists of dumping the
dredged materials either above or below the water line. New ways of util-
izing and managing the dredged materials areas are available, and more
are being developed. Proper long-range planning could insure that the
dredged materials sites cause minimum environmental damage. Closer
cooperation between agencies involved in dredge permitting could lead
to fewer delays and unnecessary expenditures.

Industrial Wastes. Tremendous advances have been made in industrial

waste treatment during the past years. However, field studies stili
show that better treatment, conservation, and management at the source
is necessary. Industrial wastes still exist that are difficult to
treat by known methods. Also, some industries still try to get by
without proper waste treatment.

0i1 Spilis. Cleaning up an oil spill has become a highly developed
science. However, in some areas, a major 0il spill could not be
handled with the available men and equipment. More and better con-
tingency planning seems necessary. Much needed and necessary atten-

tion has been given to prevention of spills, but there are still
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deficiencies in the design of some vessels, transfer facilities,
storage areas, and guidance systems that require attention.

Rural and Urban Runoff. The quantity of runoff in this problem

area is so great that treatment is hardly practical. Better house-
keeping in industrial areas along with enforcement could improve the
situation in most ship channels. Improved up-stream water management
and conservation practices could also make a significant contribution
to pollution prevention. Research is needed in all areas, including
the runoff from residential districts where the water quality has been
compared to sewage.

Hazardous Materials Spills. This is mainly a problem of preven-

tion, because once hazardous substances enter a body of water, they
are difficult to remove. Improved contingency plans are necessary to
insure that the substance is identified and proper steps are taken to
treat or clean up the spill.

Shipboard Wastes. Shiphoard wastes are mainly a very concen-

trated sewage. They should be retained on ship until they can be dis-
charged into a collection system. Enforcement is difficult,
especially when many of the ships are foreign. Improved enforcement
would be beneficial.

Domestic Wastes from Shore. Some municipalities are still using

vastly overloaded facilities and outdated techniques. Improvements in
the operation of treatment plants could probably upgrade some effluent
discharges. Other discharges will be improved only when the public

votes bonds to pay for new treatment plants. With their existing staff,



monitoring all discharges is a tough job for enforcement agencies.
Better monitoring would certainly improve the situation. Advanced
waste treatment should also be considered.

Ship Bilge and Ballast Water. Ship bilge and ballast water is

collected and treated in most cases. Adequate facilities for the
collection of these wastes need to be available. Enforcement could
be improved with the use of analytical instruments.

Ship Tank and Barge Washings. These wastes need to be treated

just Tike other industrial waste materials. The guantity of water to
be treated could be decreased with careful operation. Some waste
treatment systems could be improved also.

Seafood Processing Wastes. This waste can be collected and

treated by various proven methods. Some treatment facilities only
provide primary treatment and could be improved. Operations inside
the processing plant could be changed to significantly reduce the
volume of wastewater.

Water Withdrawals and Returns. This category includes cooling

water as well as consumptive uses. Return of cooling water to chan-
nels should be designed to accomplish an acceptable temperature rise.

Often, if deemed necessary, cooling ponds and towers can be utilized

to decrease the temperature rise prior to discharge. If done properly,

long-range planning could utilize the currents caused by intakes and
discharges to cause an environmental advantage.

Floating Debris. Floating debris can be controlled at the source

by proper housekeeping. If debris gets into a channel in significant

quantities, it should be mechanically removed on a routine basis.

109
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Plan of Action

Questions

The Togical questions to be asked now are: who is responsible
for the plan of action; what kind of organization should administer
the program; when is this action required; where is this plan of action
necessary; and how should this feat be accomplished? These questions
and their answers will vary somewhat from port to port, and will de-
pend upon the environmental conditions, the location, the stage of
development, the community support, the polluter’s concern, and the
attitude of the port authority or navigation district's management.
Alternative answers to the listed questions are briefly enumerated for
consideration of concerned entities.

Who? The answer to this question must be someone who will gain
from successful environmental management. Also, it must be someone
with excellent management and leadership. It could be an agency within
some level of government or an organization such as an area planning
commission. Other alternatives for management include the local port
authority or a waste disposal authority. Whatever management body \
takes the initiative in solving a ship channel-harbor complex's en-
vironmental problems will control its destiny.

What? The organization providing poilution control can be the
private company causing the problem or a publicly financed organization
serving all or part of the polluters. Either method of control is
fine, if it provides adequate results. However, there are some mone-
tary, managerial, and operational advantages in using centralized

publicly financed efforts.



When? The timing of environmental management at each particular
ship channel-harbor complex depends on the degree of development, the
present environmental degradation, and plans for future expansion.
Even though the Port of Brownsville is in a relatively early stage of
development, it is constructing a centralized waste treatment system
to insure uninhibited growth.

Where? Every area needs some form of environmental planning. If
an area has no present environmental problems, then planning is
necessary to prevent future ones.

How? The "how" must be compatible with all previcusly listed

questions. This topic is discussed more in the next paragraph.

Proposed Plan

Before any long-range plans are drafted, planners should obtain
legal advice from an experienced environmental attorney. Environmental
legislation is Tengthy and complex. An overview of legislation con-
cerning ship channel-harbor complexes is provided in Tables 28 and 29.
Not only are there at least thirteen lTaws and acts pertaining to the
environment of a port, but there may be several court interpretations
of each.

Since devising a legally correct plan is vitally important, close
cooperation with the responsible governmental agencies is necessary.
An agency may have been created for the sole purpose of administering
certain legisiation. However, many agencies become involved because

they are asked to review permits from other agencies. Therefore,

I
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TABLE 28

Principal Federal Environmental
Legistlation Concerning Ship Channel-

Harbor Complexes

Act
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TABLE 29

Principal State Environmental
Legislation Concerning Ship Channel-
Harbor Complexes in Texas
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environmental regulations administered by all agencies must be ob-

served. Proper collaboration with regulatory agencies during long-
range planning can make the task of obtaining a construction permit
for a new industry much simpler. Providing an environment with the
capacity to accept new industries is instrumental to the growth of

a port.

A list of the main environmental agencies and types of pollution
they are concerned with is shown in Table 30. One advantage in con-
sulting an agency early for long-range planning would be the purchase
of additional dredged materials area. The Texas Department of Parks and
Wildlife could advise a port authority on acceptable dredged materials
area Tocations, and land purchases could be made in advance.

The first step in a plan of action should be to obtain the
interest and support of the directly involved entities. A lot of
arguments and reasons could be used to justify this difficult objec-
tive. Perhaps one of the best reasons is that current newspaper stories
(68) reflect a trend toward legislation proposing moratoriums on in-
dustrial expansion in polluted areas.

The second step in the plan should be to involve all governmental
agencies, planning commission, authorities, and councils. Their
support and assistance would surely prove to be valuable.

The third step logically should be to determine the level of
involvement necessary for achieving the Tong-range objectives. When
this is completed, a new or existing organization must be designated

to undertake pollution management responsibilities in the area.



TABLE 30

Major Agencies Responsible for the
Environment of a Ship Channel-Harbor Complex
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Once the responsible organization begins planning, federal funds
can be obtained to pay for planning projects. This fourth step in
the plan is, of course, the ffrst solid action taken toward solving
the environmental problems of a ship channel-harbor complex. Only
concentrated studies and research on specific and unique problems can
determine the following steps of action. They should be positive,
realistic, and compatible with long-range projections.

Step five should be a concentrated research effort to define the
sources contributing pollutants to the bottom sediments of ship chan-
nel-harbor complexes. This could be accomplished by a thorough analy-
sis of the waste from each source and comparing the results to a
complete sediment analysis. Studies could also be done on the water-
shed involved to determine if erosion control practices could be
improved. This research could contribute greatly to solving the
problem of dredged materials disposal.

Step six would utilize the information gained from step five,
combine it with a mathematical model calibrated to the waterway, and
develop management techniques for curbing the discharge of harmful
substances from point sources. In-plant technical and operations pef-
sonnel could be utilized when considering industrial sources. If
effluent requiring specialized treatment could be treated directly
at its in-plant source before it became mixed with other wastes, then
the overall task could be accomplished much easier. When considering
the feasibility of a centralized treatment system, it may be dis-

covered that the wastes from one plant could supply the nutrient needs
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for the biodegradation of another waste. If mixing the wastes does
not prove to be an advantage in laboratory studies, then the advantages
of improved management, operations, economies of scale, and a tax ad-
vantage should be thoroughly researched.

The seventh step should include contingency planning for oil and
hazardous materials spilis. This step should have equal ranking with
steps five and six because of the great potential for spills and the
severity of the environmental impactswhen they occur. Planning and
equipping for oil and hazardous materials spills could be combined
with planning for other disasters. However, equipment and manpower
are not the only problems when planning for spills. The environmental
effects of many chemicals stored and transparted along today's water-
ways are unknown. Contingency planning should involve having fast
and immediate access to scientists knowledgeable with each hazardous
material. Adequate disaster handling equipment is a prime necessity
for preventing hazardous materials spills. Failsafe materials con-
veying and transporting systems should be developed in areas where the
potential for spills exist.

The eighth step in environmental planning for a ship channel-harbor
compiex includes domestic sewage treatment. Studies aimed at reducing
or pretreating wastes from small industries and commercial businesses
should begin. Some of these effluents should be diverted to central-
ized industrial treatment plants, if they exist, and thereby relieve
the 1oad on domestic plants. Sewage rate charges need to be adjusted

to make these changes advantageous to the customer. Advanced waste
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treatment should be considered in many areas of high urban concentra-
tions.

Rural and urban runoff planning should be included as the ninth
step of the proposed plan. This planning should include erosion con-
trol measures and better water resources engineering. The overall
watershed should be studied to find major contributors, if any, to the
pollution load. Information gained should be used to correct existing
situations, and to plan for new land developments and land usages
that will prevent the occurrence of these problems. Some solutions
could be quite simple when developed at the beginning and incorporated
into new construction.

The tenth step in the proposed plan for pollution control concerns
water withdrawals and returns. This case is mainly associated with
cooling water for power plants and major industries. Thermal pollu-
tion studies have been used for years to control cooling water dis-
charges. What is needed in the future is to develop long-range planning
for utilizing the currents caused by these plants to an environmental
advantage. The currents caused by water withdrawals and returns
could be used for flushing nearby stagnant ship channels.

Local planning efforts of specific organizations involved with
poTiution must determine the steps to follow. The steps listed here
are presented only for basic use and direction. WNaturally, planning em-
phasis will change from location to location. The utilization of
specific studies and information for each location will allow individ-

ualized and novel solutions to be used.



Various public and private entities are engaged in research and
planning projects related to environmental matters. An example of
the expertise available at a typical university is given in Table 31.
The Center for Marine Resources can be contacted for further informa-

tion about research at Texas A&M University.
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TABLE 31

Typical University Resources Available for
Ship Channel-Harbor Complex Related
Environmental Projects
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(Continued)
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(Continued)
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CHAPTER V

SUMMARY AND CONCLUSIONS

Summary

Purpose

The purpose of material presented in this paper was to provide
a8 broader understanding of environmental problems confronting manage-
ment entities responsible for ship channel-harbor complexes. The
increased understanding and suggested pian of action will help these

entities make competent decisions for the future.

Information Presented

The information presented within the study includes a general
description of activities and environmental problems associated with
channel-harbor complexes along the Texas Gulf Coast. This includes an
explanation of cargoes handied, structure of port authorities, and
environmental modifications of ports. Secondly, an extensive litera-
ture search was done to gather information on the quality, quantity
and discharge freqguency for various pollution sources in a ship
channel-harbor complex. The best information currently available on
various pollution problems 15 discussed in the second chapter. A
priority list for pollution sources was developed in the fourth sec-
tion. The pollution sources, in their order or priority, were dredged

materials, industrial wastes, oil spills, rainfall runoff, hazardous
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materials spills, shipboard wastes, domestic wastes, ship bilge and
ballast water, ship tank and barge washings, seafood processing,
water withdrawals and returns, and floating debris. These environ-
mental problems are discussed as to their applicability and signifi-
cance to the Gulf Coast in general and the Texas Gulf Coast in
particular.

Previous field reports and studies on relevant pollution problems
are inciuded in this report. In addition, three field studies on
pollution problems along the Texas Gulif Coast were completed during
this project. One of the previous studies cited was a report written
about pollution problems and solutions in estuaries of the Texas Guif
Coast. Other studies cited include two reports about pollution in
the Port of Corpus Christi. One of these demonstrates the use of a
mathematical model for environmental management, and the other pre-
sents information accumulated for calibrating the mathematical model.
The fourth previous field report cited was an environmental study of
the Port of Brownsville Fishing Harbor.

Field studies completed especially for this project included
water quality studies of the Port of Corpus Christi and the Port of
Brownsville Fishing Harbor. The data and information cbtained was
compared with that of previous studies, so that trends and changes in
environmental conditions could be recognized. Environmental studies
at the Port of Corpus Christi indicated that its wasteload capacity
is much less than its assimilative capacity. A third field study was
a non-point source study of two watersheds draining into the Browns-

ville Ship Channel. It was impossible to schedule this activity during
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a period of significant runoff. Results from a 4% to % inch rainfall
were obtained. This data can be useful in planning future research
efforts on non-point source pollution.

A fourth field activity considered necessary for determining the
magnitude and impact of different pollution sources was to interview
the management of eight ports. Personnel from regulatory agencies
were also interviewed. These interviews yielded problems that the
management entities were most concerned with; which coincided with
the previously listed priority pollution problems. The people inter-
viewed added several other problems to the list, such as public
relations, financing, Federal Aid, Coastal Zone Planning and avail-
ability of qualified personnel.

Once the major problems were ranked in a priority list, general
solutions were formulated and discussed for each problem. A problem/
solution matrix was provided to illustrate suggested solutions.

These solutions were followed by an outline of a proposed plan of
action. The plan of action was not intended to be used in specific
circumstances, but rather to be used as a guide for direction and
planning.

The proposed plan of action included the initial organization,
the initial involvement of regulatory agencies, the level of involve-
ment by the organization in pollution problem solving, the organiza-
tional planning, the attack upon contaminated dredged materials, control
of point sources, contingency planning for spills, control of domes-
tic sewage, research in rural and urban runoff problems, and managing

water withdrawals and returns.
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Conclusions

The ship channel-harbor compiexes of the Texas Gulf Coast have
been mainly responsible for the State's stable and healthy economy.
Even with diminishing oil and gas reserves, Texas still has an oppor-
tunity to experience greater economic growth in the future. For this
growth to materialize, it will be necessary for entities interested in
and responsible for the ship channel-harbor complexes to begin long-
range environmental planning.

Some of the environmental degradation accompanying highly indus-
trialized ports may seem pretty hopeless to the casual observer. How-
ever, it is notable that nejther references from the literature nor other
sources used during this project even suggested that the problems
were insurmountable. Solutions to environmental problems are not
simple or cheap, but are mandatory if an area wishes to retain a
viable economic climate. Federal laws require greatly reduced polliu-
tion discharges within the next decade. Increased attention on
environmental assessments for all activities will surely have an
effect on industrial growth. A current example is the difficulty most
ports are now encountering in obtaining permits to dredge. Dredged mate-
rials contaminated with various wastes are considered too hazardous
to the environment to be disposed of by normal procedures. Needless
to say, a navigation district that cannot dredge cannot continue to

meet the needs of present or potential customers.



Solutions

Suggested solutions have been presented for each of the 13 poliu-
tion sources this project has addressed. These solutions are quite
general and are mainly used to illustrate the direction specific
studies should follow.

Proposed engineering solutions include controlling the pollutant
at its source through process changes or treatment. The next solution
is to improve present treatment methods and possibly provide advanced
waste treatment. Other solutions include preventative measures and
better routine maintenance. A fifth solution, and the one with the
most possible side benefits, is that of improved utilization and con-
servation of materials involved in the process. Following this comes
better operation of existing and new facilities to achieve their full
design potential. The last and possibly the most important solution
proposed is more research. This will assure that the necessary science
continues to grow as needs increase. More research would be extremely
helpful in all facets of pollution problems. However, in Table 27
(p. 106}, research is only indicated for the highest priority problems.

Another very necessary part to the solution of environmental pro-
blems 1is administrative input. The first administrative solution is
that of better environmental management. The next solution is closer
cooperation between agéncies. This means simply, better communication.
The third solution is that of improved contingency planning for spills.
A good example of a step toward improved contingency planning is the

Corpus Christi Area 0i1 Spilil Association. Another administrative
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solution that could have great impact in the future is that of long-
range planning. The fifth solution is that of better enforcement.
This solution will not hurt companies that have been conscientious
about following environmental regulations, but it will perhaps make

the regulations more equable.

Plan of Action

A proposed plan of action is considered necessary to achieving
any reasonable future objectives. A brief outline of a proposed plan
of action is presented in Table 32. This plan is proposed to fit the
basic needs of a typical/average port, and may need extensive revis-
ions and additions when applied to a particular case. It is recom-
mended that this proposed plan be supervised by entities having the
port's best interests at heart. This would insure that plans include
the coexistence of economic prosperity and a clean environment.

The data, information, and proposed plans presented should not be
interpreted as a critique of present and past pollution contrel plan-

ning, but rather as a tool to initiate thinking about future action.
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TABLE 32
Qutline of a Proposed
Plan of Action for Planning

The Environmental Management of
a Ship Channel-Harbor Complex

Get interest and support of the groups involved in and respon-
sible for the ship channel-harbor complex.

Involve all agencies, planning commissions, authorities, and
councils.

Decide what level of involvement is necessary to achieve the
long-range objectives and what organization will shoulder
management responsibilities.

Obtain funds for planning.

Launch research effort concerned with sources contributing to
dredged materials disposal.

Treat the wastes from step five and other sources. Consider the
options; in-plant treatment, cooperative-centralized waste treat-
ment,or in-channel aeration.

Develop contingency plans for spills.

Curb domestic sewage discharges.

Investigate pollution control for rural and urban runoff,

Plan for using water withdrawals and returns for flushing.
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